Eleven representatives of the superorder Amphiesmenoptera "Trichoptera ¦ Lepidoptera# were examined for sex chromatin status[ Three species represent stenopsychoid\ limnephiloid and leptoceroid branches of the Trichoptera^eight species belong to the primitive\ so!called nonditrysian Lepidoptera and represent the infra!orders Zeugloptera\ Dacnonypha\ Exoporia\ Incurvariina\ Nepticulina and Tischeriina[ The female!speci_c sex chromatin body was found in the interphase somatic nuclei of Tischeria ekebladella "Bjerkander 0684# "Lepidoptera\ Tischeriina#[ The sex chromatin was absent in all investigated Trichoptera species as well as in all representatives of the nonditrysian Lepidoptera except Tischeria ekebladella[ The sex chromosome mechanism of Limnephilus lunatus Curtis 0723 "Trichoptera\ Limnephilidae# is Z:ZZ[ The sex chromosome mechanism of Tischeria ekebladella "Lepidoptera\ Tischeriina# is ZW:ZZ including the W chromosome as the largest element in the chromosome set[ The data obtained support the hypothesis that the Z:ZZ sex chromosome system\ the female heterogamety and the absence of the sex chromatin body in interphase nuclei are ancestral traits in the superorder Amphiesmenoptera[ These ancestral characters are probably kept constant in all the Trichoptera and in the most primitive Lepidoptera[ The W sex chromosome and the sex chromatin evolved later in the nonditrysian grade of the Lepidoptera[ It is proposed that the sex chromatin is a synapomorphy of Tischeriina and Ditrysia[
Introduction
The superorder Amphiesmenoptera includes two closely related orders] Trichoptera and Lepidoptera[ The monophyly of the Amphiesmenoptera has been well documented "Kristensen 0873#[ The relationships of the major divisions within the Amphiesmenoptera\ although much debated\ still present some uncertainties "Kristensen 0886#[ The order Lepidoptera is usu! ally divided into several suborders and infraorders" Fig[ 0# [ Most of the Lepidoptera species belong to a monophyletic clade\ Ditrysia "Nielsen 0878# and any others belong to so!called non! ditrysian groups[ The latter are more primitive in many mor! phological aspects and branched o} earlier from the common evolutionary lineage of the Lepidoptera [ The most interesting cytogenetical peculiarity of the Amphiesmenoptera is the female heterogamety[ Male het! erogamety based on the sex chromosome mechanism |XX:{XY "or on variants |XX:{XY\ {XX:{XY 0 Y 1 and some others# predominates in animals[ Female heterogamety based on the sex chromosome mechanism |ZW:{ZZ "or on variants |Z:{ZZ\ |ZW 0 W 1 :{ZZ and some others# occurs mostly spor! adically in di}erent classes of animals[ The conclusion about female heterogamety in Amphiesmenoptera is based on the study of several species of Trichoptera from the suborders Annulipalpia\ Spicipalpia and Integripalpia "for a review see Marec and Nova k 0887# and many species of Lepidoptera from the infra!order Ditrysia[ Among Ditrysia female heterogamety has been demonstrated cytogenetically and in some cases also genetically in butter~ies "Papilionoidea#\ in many bombycoid\ noctuoid and geometroid moths and in several so!called Mic! rolepidoptera "Seiler 0803^Tazima 0853^Traut and Mosbacher 0857^Suomalainen 0858a\ 0860^Robinson 0860^Bigger 0864Ê nnis 0865^Clarke et al[ 0866^Gupta and Narang 0870^Maeki 0870^Rishi and Rishi 0874^Kawazoe 0876a\ b\ c\ d^Nilsson et al[ 0877^Traut and Marec 0886#[ The available data on sex chromosome mechanisms in nonditrysian Lepidoptera are very scanty[ Female heterogamety and the sex mechanism Z:ZZ were found in Micropterix calthella "Zeugloptera\ Micropterigidae# "Traut and Marec 0886#[ According to Kawazoe " The sex chromatin was not found in several species of Trich! optera that were studied "Marec and Nova k 0887# and non! ditrysian Lepidoptera "Traut and Marec 0885#[ In Trichoptera and Micropterix calthella "Zeugloptera# the absence of the sex chromatin correlates with the lack of the sex chromosome W in females "Traut and Marec 0886^Marec and Nova k 0887#[ On the basis of these _ndings\ a hypothesis about the pattern and trends of the sex chromosome evolution in Amphies! menoptera was recently formulated "Traut and Marec 0885\ 0886^Marec and Nova k 0887#[ According to this hypothesis] "0# the common ancestor of Trichoptera and Lepidoptera had a Z:ZZ sex chromosome mechanism" 1# the ancestor of Lepidoptera had the Z:ZZ sex chromosome mechanism like Trichoptera\ the sister group of Lepidoptera" 2# this ancestral state "Z:ZZ# is kept constant in Trichoptera and nonditrysian Lepidoptera[ It correlates with the lack of the sex chromatin in female somatic interphase nuclei" 3# the ZW:ZZ sex chromosome mechanism evolved later in the ditrysian branch of Lepidoptera[ The appearance of the sex chromosome W leads to the formation of the sex chromatin in female somatic nuclei" 4# the ZW:ZZ mechanism evolved by fusion of the original Z with an autosome\ resulting formally in a neo!Z:neo!W sex chromosome system" 5# secondary losses of the W chromosome can occur spor! adically in Ditrysia[ Loss of the W chromosome is accompanied by loss of the sex chromatin[ In order to test this hypothesis I have undertaken] "0# a study of additional species of Trichoptera for sex chroma! tin status and sex chromosome mechanism" 1# an examination of representatives of all Palaearctic non! ditrysian moths groups for sex chromatin status" 2# a study of the sex chromosome mechanism in Tischeria ekebladella\ a representative of the nonditrysian heteroneuran Lepidoptera[ The nonditrysian Heteroneura occupy an inter! mediate position in the system of Lepidoptera between archaic homoneuran nonditrysian infraorders and more advanced Ditrysia" Fig 
Chromosome and sex chromatin preparations
Chromosome preparations were made from ovaries and testes of last instar female and male larvae[ The larvae were dissected under the microscope with 05× and 21× magni_cation in a drop of 0) sodium citrate solution[ The ovaries and testes were removed using _ne needles for micro!preparation with considerable caution in order to avoid dam! aging the gonad membranes[ The dissected gonads were _xed in a freshly made mixture of glacial acetic acid "0 part# and ethanol "2 parts#[ Samples were stored in this mixture for 0Ð3 months at ¦3>C[ Then the gonads were stained in 1) acetic orcein for 6Ð03 days[ The stained ovaries and testes were placed in a drop of 34) acetic acid on a slide\ macerated and squashed[ To determine the karyotypes and the sex chromosome systems\ spermatogonial and oogonial mitotic metaphases as well as metaphases I\ metaphases II and prometaphases of meiosis were studied\ using a 099× immersion objective[ To determine the sex chromatin status\ Malpighian tubules and other somatic tissues were dissected from both sexes[ These tissues were stained with 1) acetic orcein and the polyploid interphase nuclei were inspected under a light microscope\ using 39× and 099× immersion objectives[
Results

Karyotypes and sex chromosome mechanisms
Limnephilus lunatus "Trichoptera\ Limnephilidae# Chromosomes were examined in preparations from four male and three female last instar larvae[ In males the metaphase I complement showed 02 bivalents of di}erent sizes and con! _gurations" Fig[ 1# Limnephilus lunatus has a Z:ZZ sex chromosome system[ Earlier\ the same sex!determining mechanism was dem! onstrated in nine other Trichoptera species of the suborders Annulipalpia\ Spicipalpia and Integripalpia "Klingstedt 0820Ŝ uomalainen 0855^Kiauta and Lankhorst 0858^Kiauta and Kiauta 0868^Marec and Nova k 0887#[ No other chromosome mechanism of sex determination is known for Trichoptera [ The sex chromosomes of L[ lunatus "n 02# "this article# and L[ decipiens "n 09# "Marec and Nova k 0887# are similar[ The Z chromosomes are the smallest ones in karyotypes of both species[ In males the ZZ bivalent is much smaller then the others[ The Z univalent in female meiosis of other Trichopteran families di}ers from the above in its structure\ staining a.nity and behaviour "Marec and Nova k 0887#[ These variations argue that a di}erentiation of the sex chromosome system Z:ZZ occurred in the karyotype evolution of Trichoptera[ As a whole\ the data obtained support the opinion of Traut and Marec "see introduction# that both the Z:ZZ chromosome mechanism and the lack of sex chromatin are characteristic of the order Trichoptera[ Sex chromatin and sex chromosome system in primitive nonditrysian homoneuran Lepidoptera The Homoneura are a paraphyletic assemblage of nonditrysian Lepidoptera including the groups which are most {primitive| Table 0# [ The absence of sex chromatin is likely to be a common trait for the all homoneuran Lepidoptera[ The sex chromosome mechanism is Z:ZZ in Micropterix cal! thella "Micropterigidae\ Zeugloptera# "Traut and Marec 0886# and ZW:ZZ in Endoclita sinensis "Hepialidae\ Exoporia# "Kawazoe 0876a#[ Traut and Marec "0885\ 0886# propose the Z:ZZ chromosome mechanism to be an original character for Lepidoptera that was inherited from the common ancestor of Lepidoptera and Trichoptera[ This assumption needs further con_rmation from an inquiry into the presence of sex chromatin and the kinds of chromosome mechanisms in additional primi! tive Lepidoptera\ in particular in Agathiphagidae "Aglossata#[ The latter suborder as well as the Zeugloptera are both potential candidates for the role as the sister group of the remaining Lepidoptera "Kristensen 0873^Nielsen 0878^Ivanov 0883^Kri! stensen and Skalski 0887#[ Sex chromatin and sex chromosome system in heteroneuran Lepidoptera The monophyletic taxon Heteroneura includes the com! paratively primitive nonditrysian superfamilies Nepticuloidea\ Incurvarioidea\ Palaephatoidea and Tischerioidea as well as numerous superfamilies of the more advanced enormous infra! order Ditrysia "Nielsen 0878^Kristensen and Skalski 0887#[ A number of species within Ditrysia have been examined for sex chromatin status "for a review see Traut and Marec 0885# and sex chromosome mechanism "see Introduction#[ Sex chromatin has been found in the great majority of them[ According to the well!argued assumption of Traut and Marec "0885#\ the ZW:ZZ sex chromosome mechanism and the female! speci_c sex chromatin are original characters in Ditrysia[ Lack of sex chromatin is associated with secondary loss of the W chromosome and is a derived character in ditrysian Lepi! doptera[ The _nding of sex chromatin in Tischeriina dem! onstrates that this character is not limited to Ditrysia[ In the female of Tischeria ekebladella the possession of sex chromatin correlates with the presence of the W chromosome and the ZW:ZZ sex chromosome system[ So\ the Tischeriina are similar to Ditrysia in these characters[ Sex chromatin can be regarded as a synapomorphy of Tischeriina and Ditrysia because in spec! ies of Nepticulina and Incurvariina studied up to now it was Sex chromatin and sex chromosome systems in nonditrysian Lepidoptera "Insecta# Table 0#^the state of this character remains unknown for Palaephatoidea[ The revealing of this synapomorphy sup! ports the idea of Nielsen "0872# and Minet "0873# that Tis! cheriidae is the sister group of Ditrysia[ The data obtained _t well into the modern picture of Heteroneura phylogeny\ viz[\ Nepticuloidea ¦ "Incurvarioidea ¦ "<Palaephatoidea ¦ Tis! cherioidea ¦ Ditrysia## "Kristensen 0886^Kristensen and Skal! ski 0887#[ They contradict the older phylogenetic hypothesis "Common 0864^Kuznetzov and Stekolnikov 0867^Davis 0875K ozlov 0876# on the monophyly of a group comprising the Tischeriidae ¦ Nepticulidae[
In Tischeria ekebladella the W chromosome is the largest and most darkly stained one[ The lepidopteran W chromosome is usually equal to or lesser than the Z chromosome "Suomalainen 0858a^Kawazoe 0876a\ b\ c\ d#[ The W chromosome as the largest element in the chromosome set was found in Graphium sarpedon "Linnaeus 0647# "Papilionidae# "Maeki 0870#\ Ancy! lolomia japonica "Zeller 0766# "Pyralidae# "Kawazoe 0876c# and Galleria mellonella "Linnaeus 0647# 
